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Table 11-2. Typical worst-case commercial parabolic antenna gain
(dB relative to isotropic radiator). | L

Dismeter m (ft) | 0.6(2) | 1.2(4) | 1.8(8) | 2.4() | 3.0(10) [ 3.7(22) | 4.6(15)
Frequency (GHz) M
1.9 — 25.0 £8.6 81.0 32.9 34.5 | 86.4
21 -— 25.8 29.3 L9 33.8 35.4 {378
—_— 2.2 — 263 | 203 | 322 | 342 | 357 [37.6
2.4 — 272 | 309 3.8 3.2 | 369 |—
25 -_— —_— 310 8.8 — - -~
2.6 —_— 27.9 811 33.6 35.4 34 | —
3.7 — — . 368 | 388 | 404 143
3.3 — -— —_ 36.8 38.8 40.4 | 42.3
40 —_— 31.4 34.9 273 89.0 41.0 | 427
4.7 — 33.0 36.4 3849 40.8 424 |43
b.9 — — — — 42.9 456 | —
6.2 — 36.0 38.5 418 43.1 44.8 1464
6.8 —~— 36.0 39.4 4.0 434 46.4 | 46.9
74 — 36.5 40.0 425 4.5 46.0 | 47.7
8.0 -— 371 40.7 43.3 45.2 46.7 | 486
8.1 — | 372 | 408 | 433 | 452 ! 467 | 488
8.4 S— —_— 41.0 438 45.4 47.0 | 48.8
10.6 3¢.1 38.6 43.1 — — — ] —
n.z 34.5 40.5 440 46.4 47.8 49.8 | 51.8
12.6 356.4 40,7 44.8 413 485 50.6 | 51.6
12.7 35.8 40.8 45.1 41.6 43R §0.9 | £1.9
18.0 35.6 | 41.0 | 45.1 | 476 | 488 | 60.D | —
14.9 36.5 426 46.1 4.6 b0.& —_— -
18.7 385 | 4.7 -~ — — - =

Table 11-3. Typical copper corrugated elliptical waveguide loss.

Frequency (GHz) Waveguide Type Loss
dB/100 m dB/100 &
1.9 EW20 2.0 0.60
21 EW20 1.7 0.52
2.2 EW?20 1.6 0.49
24 EW20 LS 0.45
2.5 EW20 14 0.4
2.6 EW20 1.4 0.43
3.7 EW37 3.1 0,94
3.9 EW37 2.9 0.87
4.0 EW37 28 0.85
I 4.7 EW44 N 4.0 1.2
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C/1 ratioe for threshold degradstion sre often misleading since they require ths use of assomed values
for receive signal level end fade margin. When the fade margin required for the desired path relisbility (outsge)
is limited by thermal noise, s more suitable approach is the stipulation of the memdmum sllowable interfesing
signal level. Threshold degradstion intecference resnkts primarily in the degradation of the viegimy’s practical
thweshold which defines its unate (outage) point. In FM-FDM systacus, this threehold is usually dofined as that
faded RF cervier level that produces 8 flst S/N of 30 dB in the warst voice channel  §r FM-Video systems, this
threshold is defined as that RF carrier level that produces a 37 dB peak-to-peak w s _ce sigual to RMS noise
rado wirh EIA weighting. In an FM system, the post deteetion S/1 or S/N (in @ tuessage channel or across the
video pacchand) is perhapr 10.20 4B larger them the inpur C/1 or C/N in the RF/IF bandwidth. As an exampls,
the S/I (or S/N) in the top (2,540 kHz) 3.1 k{2 VF channel in 2 600 chanre! link deviated £140 kHz RMS (200
kHz peak) with a 10 MHz IF bandwidth is

3] - 58] (3 (i) - e

cfc 0.2 30,000

. cle 10 RES 10 .40 .5.4-1
7 (u) N h‘(z:«) h‘( z:u) @s40
cf e

. _l.(;.) + 100, @B (mgnal 1o flat nolse ratio)

ForF steme (f ~ 4.2 MHz, =34 MHz peak), and other non-muitiplexed, non-sinusoidal broedband
s;gndslhndar (ree Annex C),

RV R

pr——
Zit
Sm———
x

Q.542)

where

VF chanmnel baseband, kHz

IF bandwidth, MHz or KHz
peak per-chummel deviation, kHz
peak video deviation., MHz

VF charmnei frequency, kHz
video bandwidth, MHz

in-band interference fevel, dBm
in-band thermal noise level, dBm
~114 + 10 log( By ) + NF

noise figure, dB

pra ¥y Aun

——

(/{,?»"ff 3
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Similsr computations derive the S/A(S/N) for kinks with other parameters (bandwidth, doviations, exc.). The
Annsxes A (FM-FDM) and C (FM-Video) curves derive C/1 critexia to meet the S/ objectives for the co- and
adjacent-channel coondination of victim snd interfering FM mmwuhbuhsmﬂarmdd;mﬂurbmebmd
md FM modulation characteristics.

Tbﬂhmeqm“ybemdbwﬂnhﬂnmmmmm{ngmmdfbrmuoumvu
threshold degradation in PM-FDM and FM-Vidso links. Sbomm&dm,andodmmpswuhhuhm
sign) levels will accept higher interference ovels and continue to meet performance (unfaded noize, fade margin,
and outags) objectives.

I = Ry F,+$8,0)-10 (25.4-3)
whert:,
[. = meximun ineriering signzl level, dBm
R, = receiver threshold, dBm
F. = thedifference between the operating fade margi end that required to meet the
outsge 6bjective, dB
S, = cffective soloctivity of the vicim receiver to the interfering signal, dB

() = mterforing signal fioquency at which S, is defined
Effective selectivity (in dB) is supplied by the equipment mmnufacturer and is mainly a fimetion of the
IF Siter bandwidih(s). In particular, threshold extsusion IF filtering selectivity in some FM-FDM receivere can
have a substantial positive effect oa semi-adjacent and adjecent chanmel imterference. However, threshold
extension (nayower) IF flters could increase seasitivity to co-chanmel interfesence by lowering the threshold of
the victim receives, Znterfereace €.r‘l'f.‘¢fﬂ~ ?ﬂD

Tho primary interfarence coneideration for digital vietim systems is threshold degradation because

19 ot significently affected when the desired signal level is more than about 10 dB sbove its outage

(10* BER) threshold. The intarference effects are primarily ralstad to the total power of the analog or digital
interference falling into the digital receiver's noise (“bad-rate”) bandwidth rather than to its spectral shape or
modulation type. Most digital systems employ data stream regeneration at each bop to prevent an accumulation
of interference and spectrum distortion (digpersion) effects. For this reason, it is possible to consider the effects
of interference scparately for cach digital bop regardless of whether it is part of 3 long-hsul or short-hau) gystem.

Previous versions of this Bulletin addressed coordination only in the Private Operational-Fixed
Microwave Service bands. As of December 1993, FCC ET Docker $2-9 re-channelized all of the fixcd
microwave bands and opened them 10 both privste ind commnan carrier users. Prior to this action, slightly
different interference calculations were used for eoordination in the comman carrier and privare microwsve bands.
In order to accormmodate these chaages, this version of the Bulletin provides an spproach which mediates between
the previcus methods. This hanmonized approach and its relation 1o the previous methods is described in this
section. Since available information on exigting systems is not sufficiem to allow any of these methods to b
applied to all the situsrions that can arise in practice, a set of default calculstions is provided in Armex B.

More acurate assessments of iterference effects can be made when appropriate information is obtained
from the equipment manufacturers. A discassian of the poasible form of this information and its application is
also given in Amex B. Until the form and spplication of this mformation is agreed to by the user commumity and
the information is available, the method described below should be nsed where possible; otherwise one of the
default procedures in Amex B can be used.
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Simdlar computations derive the S/I(S/N) for links with other paramrters (bandwidih, deviations, eic.). The
Annexes A (FM-FDM) and C (FM.Video) curves derive C/ criteria to meet the S/1 objectives for the co- and
wmxmmmmmmmmcmww
mnd FM modulation characteristics.

Tbbﬂomeqmmhemdbm&mmmmingﬁmlwdrormMma
thresbold degradation in FM-FDM and FM-Video links. Short, non-fading, and other hops with high receive
signal Jevels will accept higher interference levels and contimue to meet performance (unfaded noige, fade margin,
and outaps) chjectives.

Toe = Ry + F+ 8,0 - 10 (25.4-3)
whese:
. = maximum inefering signal level, dBm
R, = rexeiver threshold, dBm
F. = thedifferencs betwoen the operating fade margin ind that required to meet the
outage objective, dB

S, cffective solectivity of the victim receiver to the interfering signal, dB
() = interfering signal frequency at which S, is defined

Effective selectivity (in dB) is supplied by the equipment amaufacturer and is mainly a funetion of the
IF it bandwidth(s). hpmﬁmhr.ﬂnabddamﬁcnﬂ‘ﬁlmsebedviyinwmem-FDMMmm
bave a sgbstantial positive effect on semi-adjacent and adjacent channel mterference. However, threshold
extension (nmrower) IF filters could increase sensitivity to co-channel interference by lowering the threshold of

the victim receiver, Toterfereace criteris 2nd )

Tho primary interference conaideration for digital vietim systems is threshold degradation becsuse
performancc is not significantly affectod when the desired signal level is more than about 10 dB shove iz outage
(10¥ BER) threshold. The intarference effects are primarily reistad to the total power of the analog or digital
interference falling into the digital receiver's noise (“baud-rate””) bandwidth rather than to its spectrsl shape or
modulation type. Most digital systems employ data stream regeneration at esch hop to prevent an accumulation
of imterferance and spectrum distortion (digpersion) effects. For this reason, it is possible to consider the effects
of mterference scparately for each digital bop regardless of whether it is part of 2 long-haul or short-haul gystem.

Previous versions of this Bulletin addregsed coordination only m the Private Operational-Fixed
Microwave Serviee bands. As of December 1993, FCC ET Docker 92-9 re-channelized all of the fixed
microwave bands and opened them to botk privete and comman carrier users. Prior to this action, slightly
different mterference calculations were used for enordination in the common carrier and private microwsve bands.,
In order to accommodate these changes, this version of the Bulierin provides an spproach which mediates betwoen
the previous methods. This hanmonized epproach and its yelarion to the previous methods is described in this
section. Since available information on exigting gystems i< not sufficient to allow any of these methods to be
applied to all the situarions that can arise in practice, a set of defanlt calculations is provided in Amnex B.

More accursie assessments of interfeyence effects can be made when appropriate information is obtamed
from the equipment meanufhcturers. A discussian of the possible form of this information and its application is
also given in Amex B. Until the form and spplication of this mfarmation is agreed to by the user commumity and
the information is svailable, the method described below thould be nsed where possible; otherwise one of the
default procedures in Amnex B can be used.
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The effect of interference ou a victim digital roceiver is determined from the threshokd-to-interference
(/1) ratio which provides the means of gpecifying the senaitivity of ¢ victim recuiver 10 an interferor. The static
(noo-fading) threshold (T) of s digital receiver is defined, for purpose of interference (T/1) calculations, as thet
msavally faded (with attennators) roecive carrisr level that produces a Bit Error Rate (BER) of 10°. 1M s
defined g8 that ratio of desired (10 BER) to undesired (interfering) signal lovels that degrades this threshold by
1 dB. The 107 dynamic (outage) threghold is eimilarly dagraded | dB by this level of interforence.

The sdvamtages of T/1 are that the differences in Gireshalds, duc to bit rats, modulation tachnique
(ransmission officiency), coding gain and noise figure, are all taken mto scconat, thas the absolute level of
allowable interfarence can be casily dewenmined by subtracting the T/1 rstio from the 109 static threehold of &
particolar digital receiver, and that this measurement can be verified in service without disrapting traffic.
However, in amy actual situmation, the vahie of T/1 depends primarily on the victim seceiver’s total
(RF/Fbasebmnd) selectvity (bandwidth), the interfering signal®s RF spectram bandwidth, end the separation
betwoen their center frequendes.

The measurament of T/1 for a digital radio is sccomplighed by fading the receiver to the point where a
10° BER is present on the link. The signal lovet is then increased 1 dB and interferenos injected until & BER of
10%is again achicved on the link. The ratio of the initial (10 BER) power level of the desired received signal
to the intexfarence power, &3 meagured, is the T/] ratio. Note that this value may vary for different interferers,
cspocially if the ionerfering signal is offset from and/orbas a spectrom wider than the victim receiver’s bandwidth.

In principle, one would need to know the T/I as & fimction of frequency scparation for al) possible
intexfirers into 8 digital recoiver. Examples of such a T/1 curve, which shall be designated as T1,(£) to denote
its dependence on the specific equiprments sod the frequency separation, is shown in Figure B-3. While it woaid
be desirable to requure a manufbcturer to provide specific T/1 curves for all possidle interferers and separstions
into each type of victim receiver, such requircment is clearly impractical,

A specific T/l curve, detecmimed from mcasurcinent, should afways be used for coordination with &
specific interferer if it is avatlable. If one is not available, the procedure described in Annex B should be used
(o develop the specific T/ curve.

The aceeptable value of mterfersnes in a coordination process, I, dBm, is then given by

Ty = T, - TI () - MEA @.5.5-1)
with
5
where
T, = static threshold power for 10 BER, dBm
T, = spesific T1curve, dB
fa = separation of interference and recciver center frequencies
MEA - multiple cxposwe allowance, dB
BW, = RF chamrl bandwidth of victim receiver, MH:
BW, =

RF changpel bandwidth of mterferer, MHz

2 -1
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mmcmluphmdbwmnmddwmfmdnm“mmhfmm
common emrier bands snd for the multiple near-adjesent aharmol exponwes in the mixed-bandwidth frequency
plans in these snd other bends that were sdopted in December 1993 by FCC ET Dockes 92-9. Thers is general
agresment thet 2 S dB MEA is to be used. However, firther stady as to the upper level of MEA is necded since
mw«gmmswmuwmwmdmwahgh«mbﬁmyofmme
eXpogures.

-

The proceding results can also be expressed m terms of the ratio of ¢y wominai carricr powet Io the
interference power, which is usually referred to as the C/L. The C/L, dB, duc > a <ingle spocific intexfarer
~ separated in frequeney by £, would be given by

o= c-T, - 7,
2.5.5-)

am(,-nv

where TFM, is the static Thermal Fade Margin to 10 BER in dB.

It is worth noting for reference that in the conunon carvier bands prior to 1994, frequeacy soordinabon
was based on meeting C/1 objectives, which in the present terminology would be written as

CDy = TRM, + T, + MEA (2.5.54)

The dafaale static thermal fade margins in dB at 10 BER upon which these high /1 objectives were based wero
the following: 35 (2 GHz2), 40 (6 and 18 GHz), 45 (11 aud 13 GH2).

%26 Digital micrownve fade merging

The composite fadc margin (CFM) of a digital microwave kink, deseribed in Section 4.2.3, is s more
complex parameter than the thermal fade margin for analog redio links. Unlike analog links affected by
mterference during son-fading periods, interference and spectral distortion effects ars a rontine and soceprable
pert of the digital radis composite fade margm enlculation used n outage (path reliability) calcudations.

CFM is one of the parameters nesessasy to compute the expectad outage on 8 given hop. When the C/i
objective is not mez, interference degrades the CFM whith increases link outage. However, interforence levels
even 1-10 dB or mare above the 1 dB threghald degradstion objective are usually scceptable on shorter or other
non-fading digital paths since performence is not adversely affected.

Swddn4.2of1hisBM“Pa£ammqenaComﬂhmﬁm Criterion in Victim Microwave Links”,

provides one possible design procedire that could be used to detarmine these higher interfereace levels into digital
mictowave receivers on short and ofher low fado activity hops and into vy short-haul routes.
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threshold degradation impecting upon outage time is rarely the dominanz interference criterion into 8 victim FM-
FDM or FM-Video aalog radio link.

Dngmlmaomhkperfammdeﬁnumpﬁmhabﬂny(mmm)mdmm‘
percent error-free seconds) characteristics duriag available periods. A digital microwave link is cousidered in
a frdled or traffic disconnect state, sndd thas ynsvailable for perfoarmance prediction or verification, after sad thea
inchding & 10-second duration cutage event. Soch long-term outage events are unacceptable 1o most users, the
mghmummuMemmMu“locdm“mopdmmmddh:hgh
frequeacy (above 10 GHz) links. A discussion of rain outage and other factors affecting high-frequeacy
microwave link availability is in Scction 4.4 of this Bulletin

Imterference usually impacts upon coly the path reliabifity (ammual shor ser. - Zu:ge), not the quality nor
the availability, of o propezly designed digital microwave radio fink. The Nort _ .inae: i standard for two-way
endtn-end tronk “aveilability” (encompassing, in this context. both short-terir .ad lo1;-i2rm cutsge events) over
either a shoct-haul (to 400 kan / 250 mi) or long-hmul (10 6,400 km / 4,600 mi) vaute is 99.98% (0.02%
dovntine). One haifis allocated 10 long-term unavailability events (rain outage, equipment fatlure, power fades),
the other half (0.01%) to two-way short-térm multipath fade outage cveats thus deriving the 0.005% or 1,600
sec/yr one-wey outage objective for these longer rountes.

The outage objective for star systems and otber very shart-bauf (<400 km / 250 mi) sysiems with fewer
than about 10 tandem hops is often relaxed to 99.999% per hap.

Assuming that only half of the 6,400 kau / 4,000 mi loag-baul, but all of the 400 km / 250 'mi short-haul,
micrawave paths are fading, the one-way short-team outage objectives may be computed 2s 0.5 sec/km/yr (0.8
sec/mi/yr} in ol or part of 8 long-haul system and 4 sec/lken'yr (6.4 soc/mifyr) m all or part of a short-haul system.

An outage in o digital microwave link is intecnationally defincd as a 10 BER sevegely-crvored seoond

(SES) event that coincides closely to an cut-of-frame (OOF) oc loss of synchronization condition in downstream
multiplexers. This corresponds to the 30 dB S/N ratio worst message channel mute (c::2age) point in most FM-
FDMamlogmmowwondw inky. Thus, digital microwave radios arc characterizod Cy two thresbolds: the
p pmwmhmtmmmfm.mubummddwh:g

fmanually, with sttcauators), aod the 10° BER  .tag. »oint (in a bandg-off
o {orCFMmd path outage calculations end oo - am. .8

Section 2.0 of this Bulletin addressed the question “How much mterference can the victim secciver
tolerste before performance is unacceptably degrsded?”  Although per-exposure interference critoria were
provided in Section 2.5 for long-haul and chort-haul analog and digital microwave routes, FCC Rules and
Regulations intent oo cfficient gpectrum wilization sllow users to mutually agres ca lesser criteria, for example
into shorter routes into links with low fade activity, into links scheduled for decommissioning or upgrade, and
i older, noisier micrownve gystexus.

Interference, which degrades the quality (analog link noise, digital link BER) and path reliability (more
annusl outage) imperoeptibly to heavily in microwave gystems, should not impact npon the user’s stated
performance objectives if proper criteria tailored 10 the vietim link are assigned.
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threshold degradation impecting upon cutage time is rately the dominant inierferenes critetion into a vietim FM-
PDM or FM-Video analog radio [ink.

Digital mxaomlmkpafommdeﬁnea:&pﬂmh&bﬂuy(mnlwuse)mdthum
percent error-free seconds) characteristics during available periods. A digital miccowave link is cousidered in
 fiiled or traffic disconnecs state, s thas unsvailable for performance prediction or verification, after sad then
inchuding a 10-second duration outage event. Soch Jong-tsrm cutage events ars unacceptable to most users, the
single exception being predictabie rain cutage allossted to “local grade™ metropolitan ares and other high-
frequency (above 10 GHz) links. A discussion of rain outage and other factors affecting high-frequency
miccownve link availabilky is in Scction 4.4 of this Bulletin

Interference usually impacts upoa only the parh relisbility (anaual short-term outage), not the quality nor
the availability, of a properly designed digital microwave radio fink. The North American standard for two-way
end-{o-end tromk “availability” (encompazsing, m this coatext, both short-tet and long- wmmgem)m
either & shoct-haul (to 400 kan / 250 mi) or long-haul (to 6.400 km / 4,000 mi) routs is 99.98% (0.02%
downtime). One half is allocated to loag-term unavailability events (rain outage, equipment failure, power fadcs),
the other half (0.01%) to two-way short-térm multipath fade outage cveats thus deriving the 0.005% or 1,600
sec/yr one-way outage objective for these longer routes.

The outage chjective for star systems and other very shart-haul (<400 ke / 250 mi) systems with fewer
than about 10 tandem hops is often retaxed to 99.999% per hop.

Asnuming that caly half of the 6,400 i / 4,000 mi Jong-bail, but all of the 400 kam /250 'mi short-haul,
microwave paths arc fading, the one~way short-tenn outage objectives may be camputed as 0.5 sec/km/yr (0.8
sec/mi/yr) in all or part of a long-haul system and 4 see/ken/yr (6.4 soc/mifyr) in all or part of a short-han! syatemn

An nutage in o digital microwsve link is internationally defincd as a 10° BER sevegely-cnored second

(SES) event that coincides closely to an out-of-frame (OOF) or loss of synchwonization condition in downstream
multiplexers. This corresponds to the 30 dB S/N ratio worst message chennel mute (outage) point in most FM-
FDMmalogmmwwom inky. Thus, digital microwave radios are charecterized by two thresbolds: the
p ’pmwmhmtmmmfmmmmmuddtmng

mally, with attcaustors), and the 10° BER outage point (in a bands.off

- forCFMIndatbwtlgccalwlmonsandmmm

Section 2.0 of this Bulletin addressed the question “How much mteyference can the victim receiver
tolerate beforc performance is nnacceptably degraded?” Although per-exposure interference criteria were
provided in Section 2.5 for long-haut and short-heul analog and digital microwave routes, FCC Rules and
Regulations intent on cfficicot spectrum wilization allow users to mutually agres on lesser criteria, for example
into shorter routss into links with low fade activity, into links scheduled for decommissioning o upgrade, and
1nto older, noisier microwave systegus.

Irterference, which degrades the quality (analog link noise, digital link BER) and path reliability (more
annual outage) imperceptibly o heavily in micowave systems, should not impact upon the user’s stated
performance objectives if proper criteria tailared 1o the vietim link are assigned

! Bit Error Rate
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A second question thes often asked — ““What performance objective(s) should be assigned to my
microwave links or system?” — greatly infinences the allowabls per-cxposure interference levels. A relaxed
short-heul (400 kan, 10-bop) system 99.995% coe-way relisbility objective, cquating to 160 sec/yr/hop outage
(99.9995%/hop), will accept highar interfrence lovels than s similar 99.995% objective distributed over a typical
Iong-bau (2,500 km, §0+bop) system (20 sec/yrhop outsge, 99.99993%/bop reliability). This is also seen in
Scotion 2.5 - zsmSprOancmbbpamnmmmkvdsmmshm-mdbnz-hunmﬂog

IRiCTOWave routes respectively.
It is also reflected in the 1 dB threshold dogradetion objective far short- and long-hsul snalog and digital

" receivers alike. One dB of threshold degradation (Joss of fade margin) will increase 160 and 20 sec/yr/hop cuage

to 200 and 25 sec/yr/hop in non-divensity shart- and long-haul links respectively (253 and 32 sec/yr/bop in space
diversity Links). But if s non-divarsity victim path was short or nop-fading with less than 2 sec/yr/hop outage,
sven 3 dB of threshold dogradation would only inoreaso it’s computad outage to an inconsequential 4 scc/yr.

In partial answer to “What performance objective should be assigned ... ?mzfoﬂowmblccompm
published performance (cno-way cutage) objectives for several teleconmmications organizations. The i
shown are for a typical 40 Jan (25 mi) analog or digital microwave path.

Parameter - Balleore
I Short-haul High-grade
System length, km (mi) 400 (250) 2,500 (1,500)
| End-to-end system relisbility, % 29.995 99.986*
|_End-to-end outage, sec/yr 1,600 4.200*
| Per-hop outage, sec/yr 160 70+ _ 20
Per-bop outage, sec/kmfyr 4(6.4) 178" 0.5(0.8)
(seohmi/yr)
Per-hop owtags, sec/any month 52° 24 7% II
ity %t 999995 i

*  Not a ptated performance objective, but scgled nsmg 2 10°C (50°F) aversge smnual
temperature.

*¢  Long-haul performance objectives assume only 50% path fade activity (3,200 km, 2,000 mi).

***  Very short-haal (<400 km / 250 mi) outage objectives are often relaxed to 99.999% per hop.

Table 4-1 — Annual Outage Objectives for a Typical 40 km (25 mi) Microwave Link

This table shows that gystem length has the most influence on per-hop performance cbjectives. The pes-
bop performance objectives for a fong intersiate pipeline or commnon carrier microwave system are moch more
demanding and thus require higher fade margins, more cffeciive diversity schemes and lower interference levels
than, for instance, an arca-wide star-configurcd system of an equal number but with many fewer tandemly-
mmmmadhops mwmmwmm«mmngobijm
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SmlﬂMAmMMwmbmmgmiu)lgvdsmm
FDM links making up ﬁat-mdlng-hnﬂudogmmm Asmex A of this Bulletin containg the
C/T ratios ﬁrhmmmmdmmmmqumym For
conditions not cavered by these typical curves, Annex A provides the computation procedures.

It is important to note that the Section 2.5/Annex A noise objectives are for only ghort- and long-hau!
routcs. For shorter systems (<400 lon / 250 mi), the ehort-baul C/I objectives may be reduced ag follows:

£ toom) = £ - 1010g] 20| (mearic)
7 Iunu Dh
@.2-1)
Craasomy = & -~ 10t0g| B0 (ongheh
The above is consistent with the relaxation of outage objectives for very short digital systems.
The outage time due to multipath fading in & non<diversity link can be calculated frony: 2
_ |
T - '_3'.9.2_.(?—_) (4.2-2)

where:
T = sxual optage time, soconds
r =  fade occurrence factor
T. = @/50)(8x 10" = length of the fade scason, seconds
t = aversge snnual temperature in °F (°C x 9/5 +32)
CEM = omposite Fade Margin (digital links) or Fede Margin (analog links), dB

Divuti:ylmpmvmt Factor: = 1 for non-diversity, >1 for diversity

One must be cautioned that the composite fade margia for a digital radio link is 2 more complex
paramezer tham the thermal fade margin for analog radio Links in that interference and spectral distortion effects
are an sdditional and acceptable part of the digital radio fade margin celculation,

The composite fade margin for a digital microwave link is compriged of three or four parts:

The Thermal (or flat) Fade Margin (TFM)

Arvids Vigants, “Ipece Diversity Engmecring”, Bell System Technical Jourmol, Jan. 1975, pp. 103-142, from
Equation 2 (English units). NOTE: The equations sre not applicable for paths under 22.S kan (14 miles)
Private commmications, Arvids Viganis (Bell Telephone Laboratories) to Donald Draper Campbell (Federsl
Communications Commission), June 1978,
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CRM

The Dispersive Fade Margin (DFM)
The External Intsrference Fade Margin (EIFM or IFM)
The Adjacent Channel Intesference Fade Marpin (AIFM), in multiline systems

Mﬁdemuepowwnddadtommm Composite Fade Margin (CFM) used for path
reliability (outage) computations. The calculstian is given as follaws:’

-

me B¢ 0 KRS _AOd

= -10 Iog | 10 "o10“+107.mt°} (42,3)'

These composite fade margin components are defined 2g follows:

NOTE:

TFM:

DFM:

AlFM:

Thermal Fadc Margin (dB). TFM is the elgebraic difference ths nominal received
carrier Jevel sod the 10° BER outage threshold for fist (ngfi-dispersive) fades, Since
interference affects unfaded basedand noise, TFM (usually 30 dB SMN) is the anly fade
ruargin i slog lnks. -

Dispersive Fade Margin (dB), also to 107 BER. DFM, manufacturer-defined, is deteymined by
the type of modalation, the ¢ffcctivencas of the ¢qualiration cmployed in the receiver, and the
multipeth signal's delay time (standardized im manufactures” dota sheets gt 6.3 nsec). DFM

_characterizes the digital radio’s robustness to dispersive (spectrum-distorting) fades. Incressed

anenna discraniastion t0 reduce the wuplitude of longer-delayed multipath signals that would
othcrwise unacccptably degrado the link's DPM may be required (>S50 dB link DFM is a suitable

External Interference Fade Murgin (dB). Receiver threshold degrsdation due t interference

. from a total of 3 (MEA factor) external systems (usually 1 dB, but depeuds an CFM obyective).

%eMMdmmdwm(mmumu

Adjacent-channel Interference Fade Margin (dB). Receiver threshold degradation due to
indecforence from adjacent channel trangmitiers on the same path due to transnutiers in one’s
own systewa. This is normally a negligible parameter except in frequency diversity and 1 x N
multiline systems.

The 102 BER threshold is the recognized outago threshold for all digital microwave receivers in a
dyngmic fade covironment However, factory and field TFM, EIFM, AIFM, and other non-fading gtatic
tests with anteguators ars to the 10 BER in-service (non-disroptive) point. This is valid since a 1 dB

degradstion in the 10° BER point (dus to higher recetver noise figure or intarference) also ocaurs at the
10° BER outage point.

Bell Communications Research TR-TSY 0007452, “Microwave Digimd Radio Sysicms Criterin”, Issue 1,
October 1989.

4-5
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The fade occurrence factor, t, is calculsted using the basic outage equation for atmospheric multipath
4

fading:
(2 (a)

4 1.6

or -
- x(_;‘_] (l] (.?—]’ 107 (mevic)

4 4 16

(4.2-4)

- [Z) sz !0-5

4

or
-z (-5-(’-)” (i) p*10°* [Engiteh )

w 4

where:
c = Climate-Terrain Factor (sce map, Figure 4-2)°
X = Climate Factor (see map, Figure 4-3)
w o= terrain roughness ¢
bsw<42m — gverage ISm or
20 cw < 140 R ~ avernge SO R

f - frequency, GHz
D = path length, kan [miles)

Derived from Equations 3, 4 and 5 — Arvids Vigants, “Space Diversity Eagineering”, Bell Sysrem Technical
Journal. Jsn. 197K pp. 103142

Climate-Terrain Map and Climate Map were digitized by Donald Draper Campbell, FCC, January 1994, from

maps developed by Bell Laborstory (AT&T). Ses, Letter, JP Robertson, ATZT, 1o Donald Campbell, FCC,
dated 17 February 1983

With respect to calculating the roughmess facior from s peth profile, w, a minimum of 15 equally spaced points
should be used Private commmumications, Arvida Vigants (Bell Talephone Laboratenies) to Donald Drapes
Campbell (Federal Communications Cormission), June 1978 This alternate calculstion is tailared to the path
profile, and therefore ie more accurte than uming the “¢” facter. SeaAQOngm’paper(above)ﬁormu
alternate procedure.
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Figurc 4-2 — Values of Qimate-Terrain Factor, “c”

Figure 4-3 — Values of Clauate Factor, “x”

e=4 [ x=72

Alnske

c=0.25 / x=0.5: coastal
and motmtainous areas

c¢=1 { x=1: flat permafrost
tundra areas in west and north

Alagka
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o

CRW
I, = 12x107 47 (%] 10 %, £ 515 moes  (metric ]
425
= 7x10° :’(%} 0 ® . <%0 fan (Rnglish |

fode margins on both antexnnas are sbout equal, and
s = vertical antenma scparation in meters (fect), center to center.

The Space Diversity improvement Factor (F) meay underestimate diversity improvements for small
antenna spacings and over extimate diversity anprovement for large anterma spacings on “flat land™ microwave
links’

For the purposes of this Bunam. sverage climate [x = 1), temaperature [10°C (50°F)), and terrain
roughness [15 m (50 R)], conditions may usually be assumed.  This simplifies the outage time equation to:

o
3 10
Tr = 3 DIIO [merie )

[

(4.2-6)
[~

5., W
-30_1%_3_ [Brghtsh ]

1t is seen from the sbove equations that uon-diversity multipath outags increases directly as a function
of the path length cubed (D°). Therefire, short digital peths can be usually meet outage objectives with lese
composite fade margin (more interfarence) since the outage probability of fading is low.

Since the ttal mmber of seconds in one year equals 31.5 x 10°, the annual patb relisbility is computed
from:

g _
Poth Reliabiliy (K) = ( -’-’-ﬂl‘i—_’l] 190 (427
31.5x10¢

The non-diversity outage equations can be rearranged to derive the apslog radio Fade Margin (FM) or
digital radio Comapasite Fade Margin (CFM) required for & given outage time:

7

Les, T.C. and Lin, S.H,, “A Madel of Space Diversity lmprovemest for Microwave Radio Agsinst

}‘heﬂ;ml Noite Outage Duaring Multipeth Fading”, JEEE Conf, Rec., 1988 Int, Conf on Commun.,
une 1988,
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. Seation ¢

T
s 7D}

RS or CAM (non-~diverslly ) = -lom( ] Omeprie )
@58

.-o —-L— m
tm(m”, (Bngtish §

where:
T

f
D

frequency, GHz
path distance, km (mi)

Space divergity improvement plays such 2 significant role in mcreasing path reliability. it often allows
higher interference levels that degrade (reduce) the composite fade margin of many digita! links. By combining

the non-diversity outage equstion and the space diversity onprovement factor cquations, we arrive at the
following equation for the anmual ootage in 8 spece diversity path

=74
Spntse ¥
T, = £x1d Dz,lo { )

e 4.2-9)
_ 3x105D%10 (Englsh |
3

Note that the frequency term has disappeared from the space diverzity owtage equation and the annual
outage now varies as a function of D Rearranging this equation to solve for the required Fade Margin or
Composite Fade Margin for a given cutage time with space diversity gives:

-~y 2
morW(W'M)"Sh&(mz's‘ls‘T‘ ) (mezric )

4.2-10
38x107°1,3 ( )

._Su[ Y

] [Baglish |

Calculation of the required fads marging for non-divereity or space-diversity links with the above equations may
provide improved spectrum utifization (efBciency) by permitting higher intecfersace lovels without overly
degrading the required reliability for many short and diversity links. For example, if the required fade margin
(above) is 25 dB, and the path cslculetions with no interference show 33 dB, an mterferance lsvel 7 dB above

the vaiue caley)lated on thebaslsofm:es_hnldmadon (by Bquadon 2.5.5-1, & -
cause the hop outage to exceed objectives. _ T sert TYAL Doc }qa’zf

Since analog radiog are pon-regenerstive, the bascband noize is addity N bope (typically
per-hop noise plus 13 log N). Fading on differcot hops is non-correlated, so the outape e
outage) of a digitsl or analag radio system is equivalent to the sum of the tutage times (probabitities of ouage)
of the jndividual hops. While the above outage and fade margin calculations arc applicable to both analog and
digital radio hops, analog radio noise buildup poses a more complex problem. With analog systems, one must

v—‘/‘ :

4 -9
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consider the overall systesn noise objectives iapnllelwxmn:ememrehnbmty (outage) objectives. Most
analog links require significant cariar level increases sbove threshold sensitivity just to achieve acceptable
baseband signal-to-noise (e.g. >35 dB increase for 70 dB S/N in the worst megsage charme! in an FM-FDM link).

43  Automatic Transmit Power Control in Digital Links
23,1 Introduction:

Awtomatic (or Adaptive) Transmit Power Control (ATPC) is & desirable feature of a digital microwave
radio Jink that mstomatically adjusts transmittcr output power based oo path fading detocted ot the far-oud
receiver(s). ATPC allows the transmitter 10 opetaic at less than maximum power for most of the time. When
fading conditions occur, transmit power will be increased a3 noeded. ATPC is useful for extending the life of
taoemitter componants, reducing power consumption, simplifying frequeacy coondination m tongested areas,
allowing additional up-fade protection, and (in soms radios) increaing the maximum power output (improves
system gain). X

If the mavimum trsunsmit pawer in 2 ATPC link is needed for only a short period of tme, a transmit
power lesy than maximum may (if certain restrictions are met) be nsed when interference calculations are made
wto other systems. Many years of fading statistics have verified that fading on different physical paths is non-
comrelated, i.e. the likefihood of two paths in a given arca being in a decp fade and thus sensitive to interference
simultanecusly is very smell. Further, to allow for inevitable deep fading, microwave paths are designed with
unfaded carrier-to-noise (C/N) and carvier-to-interference (C/T) ratios much greater than those required for high
quality path performance. Sines fading is non-cosrelated among paths, a short-ter: powes increase by a path
experiencing 8 decp fade will not rechace the C/I an other paths w en objectionsbic Jeve.. On a properly designed
path, and one not affected by min outage, ATPC-equipped transmitiers will be at maxinnm power for a short
period of time. However, because the mmdmmam power is avallable when decp fades occur, CFM, threshold C/N,
and C/1 ealeulations into an ATPC link may agsume the “Maximum Transmit Power” receive carries Ievel.

ATPC hag been successfully implemented in FCC Part 21 common carricr bands for scveral years, and,
uder FCC ET Docket 92-9, is now permitted under Part 94. Currently, there are two types of ATPC available
The “ramping” type incresses power dB for dB with a fade greater than s certain depth. The “stepped”™ type
mcrenses power in a single stop to maximum power when s fade @iceeds 2 certain depth. Besides significantly
aiding the froquency coordination process, ATPC also provides rocoiver up-fade overload protection due to the
backed-off transmit power under normal signal level conditions:

During the coordination process, the ATPC user must clesrly state that ATPC will be used. The tranamit
powcrs associated with an ATPC system inchuded on the coordination notics are defined as follows:

Maximum Transmit Power That trezemit power that will not be exceeded at any Sme, used for CFM and
path reliability (outage) computations, and for caleulating the (V1 into an
ATPC system.

Coordinsted Transmit Power  That transmit power selected by the ATPC system licensee ss the power to be
used in caloulating interference lsvels into victim receivers.

Nominal Transmit Power That transmit power at or below the coordmated power at which the system
will operate in normal, unfaded conditions.

4 .10



. DL 1) = PD, s PED,Y,-1) *FSD, « D, [+ and “*” denotes the

convohition operation; PSD.{f) and PSD{f) aro the power spectral densities of therdesired signal
and the mterfering signal, respectively, and they are assumed to be normalized to unity power
and centered on the carrier frequency.

. H(£,) = H(£) for an FM recsiver with de-emphasis filts: and . (f)=1 for an FM receiver
without de-cmphasis filter.

The rulationchip batoreen the baseband SIK and the C/1 ratio of an FM-FDM receiver involves the IRF
and it is expressed as follows:*
CNU.f,)(d8) = EIR(dB)-IRF (.S )(dB) (A-9)

It is observed thar when the IKF is equal w 0 dB, the C/1 is cquivalant to the bascband SIR; howover, when the
IRF ig not equal to 0 dB, the C/1 is cqual 1o the baseband SIR, adjusted by the IRF. The SIR is usuelly
predetermined based on performmce considerations or sometimes mandated by regulations.

A6 Carrier-to-Interference Objective f——% (

Far a given baseband signal-to-intecference objective SIR,, the carnier-to- objective (C/D(f)
at cach frequency separafion f, is defined to be the CJ/I ratio produced by the noisiest\baseband channel
corresponding to the baseband signal-to-interference object

Y,y = mx {(SR-IRF(f.[))
% St &

(Unfaded Fm Nase

FM Fidebmand o~
DigCel Spectmm Overlip) o,
Tnkeivcnrscr k”&t)

The interference reduction facwor IRP(f, £) is cornputed using Equation A-7 in
baseband signal-to-interference objectives SIR,, is computed as thllows:

1. SIR, (in dB) = X (in dBmD) - P (in dBm0)
where:
X = per-channe] loed (average: tatker power)
P = per-bop bascband interferenoe power objective
2. The per-channel load is regulated by FCC Rudes and Regulotions §2.203 (see Section 2.2).
3. The system baseband noise power objective is 250 pWp0 (seo Section 2.5.2) and may be brokea

mto tandem per-hop interference power objectives bazed on the feapth “L™ and/or the number
of hops “N” of the system.

* Equation 1, Annex 1. ITU Reconmnendation 766,

A-4
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a If “L” is greater than 400 km (Jong haul), the per-hop bascband intesfarence power
objective (in pWp0) is cp

L
max (5,28x10 {UM“ ) ~80,8 Aa»g’

o
b. IF“L" is loes thaa of oqual to 400 km (shont haul), the per-hop baseband interference
power objective (in pWpD) is

max (25, 250 /0 } 2S5Pn

- Sdé
. 73. 5 d8u g

c. mfmgm.luom.mmwmmmwmguw
to the frequency scparation f] (L., the baseband channel with frequency £, is comnupted by
tatercarder beat interference), the par-hop bmbmdmfumpmobjmmSOPWpo

L ARD. -10,§ dAng
4. The interference power objective is converted to dBm0 from pWpO0 by using the relstion:
Bt = wbg(pm)-ns fat, 3;1&_%.,_---“«—-

PSS ‘
\\g‘ o~ Er 2 ‘ys.t&wg 05,,\5 'L»’.’ 1~ £ ‘Fr17v2.~( f’?\n lh'&t)’r
cxrrier bert dogs st Arpplr, Th. ¢ "ch|rCr enmc e t
om h'fmh/l/ 3N {'/ o CCL v, b/Leq J(H(_‘,ch T /
A"7 Fﬂter Selectiﬁty fy'L‘lV@ﬂ t)/ f/l_a; R f/ii’.d/ th €Le S2 e s
Bare oL e rxmca .

Note: for the purpose of frequency coordinatsa, whEt tfe Slter selastvity is hot kuowa, U 4B ahall
be used

I an FM-FDM system, the IF filter ig degigned so that it does pot change the shape of the power spectral
denaity of the desired signal significantly. However, the power spectral density of the interfering signel is reduoed
by this filter when the froquency sepsretion between the carrier frequencies of the detired signal and the
interfering signal is Jarge (adjscent channels). The C/1 objective in Equation A-9 can be re-derived (o take the
effect of IF Sltering into account. This leads 10 the following squation:

ca )o(f:) = !‘&mo —WUJ Ak 5, Ur) ) (A-10)

The factor S(€) me&ﬂdthcﬁ!wahmmo{mnmvamdnucompmedﬁanthopowspac&ﬂdmty

-P(f) of the interfering signal and the transfer fimotion G{f) of the [F flier by dis following cquation

[re-12100 1 4
[P0 &

S,U,) = -10leg

{A-11)

where the integrals arc taken over the froquency interval that contsins at Jeast 99 percent of the power of the

A-S
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MSS & FS Industry Meeting Related to FCC ET Docket No. 95-18
COMSAT Corporation, Bethesda, Maryland
April 25 & 26, 1996

Name Affiliation Telephone FAX E-Mail
Bellamy, John ENRON
/Binckes, Jeff COMSAT 301-214-3263 | 301-214-7226 | jeffrey.binckes@comsat.
com
Christiansen, Guy LTA/Globalstar 301-229-9341 | 301-229-3148
Cooper, Will Cellular Comm Inc | 614-523-2412 | 614-890-2419 |F3 L1441 . 5526 Conyousan Ce.
~Treath, Roy Union Pacific RR 402-271-2254 | 402-271-6204 )
/Crowell, Ray COMSAT 301-214-3466 | 301-214-7226
Gurss, Bob APCO 202-457-7329 | 202-457-7814
Holiday, Cecily FCC 202-418-0750 | 202-418-0765
“Hurt, Gerry NTIA 202-482-1655 | 202-482-4595 |GHUAT BN TIA . DOL. (¢,
Janka, John LW/Hughes 202-637-2289 | 202-637-2201 -
/_ﬁe‘ller, Tom Verner Liipfert 202-371-6060 | 202-371-6279 |Keller@ i i « NSt
Kiser, George Alcatel 214-996-2822 | 214-996-2778
Knight, Bill Alcatel 214-996-2375 | 214-996-2615
“Ladson, Damon FCC/IB 202-418-0725 | 202-418-0765 | DL ADSON € ¥cc . Sov
Latker, Alex FCC 202-418-0767 | 202-418-0765 | 92 g7kt (& {oC.cov
” Montgomery, Bob | CTIA 202-736-3258 | 202-466-7239 Y
frig, John Pepco 202-872-2779 | 202-331-6692
Nguyen, Sam COMSAT 301-214-3265 | 301-214-7226 | sam.nguyen@comsat.com
“Pahl, John Transfinite 44-181-681- 44-181-688- 100714 4243@compuserv
1918 5859 ecom ! rrc ¢, 7
. FPrice, Larry Norfolk SRR HOH-529- J00] |yo4-527- 2909
Raish, Bob Fletcher Heald 703-812-0480 | 703-812-0486
“ Reardon, John AP| 202-434-4129 | 202-434-4646
” Reed, Mike Burlington NSF 612-298-2611
/Rummler, Bill AT&T 908-949-7913 | 908-949-6832 | cwe/m@Hpp wb. ho. 877 con.
" Singarajah, Kumar [ ICO 44-171-728- | 44-171-728- | v
/ 1297 1174
" Stokes, Sean UTC 202-872-1289 | 202-872-1331
’ Sullivan, Tom AMSC 703-716-6542 | 703-758-6111
“Weinreich, Dave COMSAT Labs 301-428-4466 | 301-428-9287 | emreh @ c¥- covsat. cam
/“White, Sean FCCIOET 202-418-2453 | 202-418-1944
“Yarberry, Bill ENRON 713-853-56 7 713-646-4799 | wyarber@enron.com
%‘-‘ev CONEAT duteins el 983013 P
QuaRd Denw.s 7 C 202 -Z?I-?é")
SALAS,” PHIL Alcate ! 2¢-99-5372 |204-9%-4¥ 72| PSALASE Avb. Aled L], Corn
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